A b s t r a c t
Introduction
Laparoscopic distal pancreatectomy is considered safe and practical for the treatment of benign or low-grade malignant tumors in the body/tail of the pancreas [1, 2] . It is associated with a shorter hospital stay and fewer postoperative complications than open distal pancreatectomy [2] .
Although laparoscopic distal pancreatectomy can be done with or without preservation of the spleen, spleen vessel preserving distal pancreatectomy (SPDP) is preferred to avoid the risk of overwhelming post-splenectomy sepsis and other complications related to splenectomy [3] [4] [5] . Two major spleen-preserving procedures are the Warshaw procedure, which conserves the spleen by blood flow from the short gastric vessels, and the Kimura procedure, which preserves the spleen with splenic vessels [6, 7] . The spleen vessel preserving procedure is more demanding because it requires meticulous dissection of the pancreas from the splenic vessels. The procedure with division of the splenic vessels is easier but carries a risk of spleen-related morbidity, such as infarction or abscesses due to insufficient splenic blood supply [6, 8, 9] . To reduce this risk, the preservation of an adequate blood supply to the spleen is a priority, and advances in laparoscopic instruments, experience, and good surgical technique ensure that spleen-preserving laparoscopic Preservation of splenic vessels during laparoscopic spleen-preserving distal pancreatectomy via lateral approach distal pancreatectomy can be performed safely with the preservation of the splenic vessels [8, [10] [11] [12] .
Some studies have proposed a lateral approach for SPDP (SPDP-LA) and suggested that it may be a safer and easier technique for SPDP [13, 14] . However, others have disagreed with this view because of certain biases, such as small sample size, imprecise tumor size, the learning curve effect, and selection according to pathology [15] .
Herein, we present our experience with SPDP-LA. In this retrospective study, the surgical outcome after SPDP-LA was analyzed and the clinical significance of this tailored approach was evaluated.
Aim
The aim of the study was to describe the clinical characteristics, indications, technical procedures, and outcomes in laparoscopic SPDP-LA in a single institution.
Material and methods
All patients who underwent SPDP-LA between January 1998 and January 2012 in a regional hospital were enrolled in this retrospective study. Medical records were retrospectively reviewed, and perioperative clinicopathologic variables, such as gender, age, body mass index (BMI), preoperative physical classification defined as the American Society of Anesthesiologists (ASA) score, pathologic diagnosis, tumor size, operative records, postoperative morbidity and mortality, were evaluated. Pancreatic leak was defined according to the guidelines of the International Study Group on Pancreatic Fistulas (ISGPF) [16] .
Position of the patients, surgeons, and trocars
The patient was placed in a supine position with legs apart. As light anti-Trendelenburg tilt was obtained and if necessary rotated about 30° to the right. A gastric tube and a bladder tube were inserted. The surgeon stood between the legs of the patient, while the first and second assistant, respectively, stood on the left and right of the surgeon. The scrub nurse was on the right side of the operating surgeon. The monitor was placed over the left shoulder of the patient.
An 11-mm paraumbilical port was inserted using an open method. The intra-abdominal pressure was monitored and maintained at around 12 mm Hg.
The remaining trocars were placed as follows: 1 in the xyphoid area (5 mm), 1 in the right subcostal area (5 mm), 1 in the left side (12 mm). The 30° angled scopes were through the umbilical trocar. The surgeon used the instruments placed in the right subcostal area and in the left side (Figure 1) .
Exploration of the pancreas
The greater omentum was divided toward the splenic lower pole while preserving the left gastroepiploic vessels and short gastric vessels. The abdominal surface of the pancreas was exposed and the target lesion was identified through laparoscopic ultrasonography. The retroperitoneum was divided along the inferior margin of the pancreas.
Laparoscopic SPDP-LA
Separation of the pancreatic gland from the retroperitoneum and the splenic vessels was started from the lateral end of the pancreas toward the pancreatic head. The pancreatic tail was then retracted medially away from the splenic hilum. The dissection then proceeded in a lateral to medial dis- section, ligating each branch of the splenic vessels encountered, using clips or ultrasonic shears (Harmonic scalpel, Ethicon, Cincinnati, USA). After the splenic vein was adequately isolated, the splenic artery was separated from the pancreas using the same method. After adequate surgical margins were achieved, the pancreas was transected proximally to the tumor with one or two 45-mm Endo-GIA staplers (Tyco Healthcare, Norwalk, Connecticut, USA). The type of cartridge (white, 2.5 mm; blue, 3.5 mm) was selected according to the thickness and texture of the pancreas. Additional sutures were placed on the pancreatic stump using intracorporeal interrupted polypropylene 2-0 sutures. The specimen was retrieved in a vinyl bag and extracted through a small incision created by extending a port-site incision. A Jackson-Pratt drain was placed near the pancreatic stump.
Results

Clinicopathologic characteristics
The clinical and pathologic characteristics of all the patients are shown in Table I . Six patients underwent SPDP-LA including one male and 5 females. . Two patients had an ASA score of 3, two had an ASA score of 2, and one had an ASA score of 1. Pancreatic masses were found incidentally on computed tomography (CT) scan in 1 patient, and were identified during evaluation for chronic abdominal pain in 4 patients and for necrolytic migratory erythema in 1 patient. The final pathological diagnoses of the tumors are detailed in Table I . The mean size of the tumors was 6.5 cm (range: 2.2-13 cm) and the mean length of the resected pancreas was 8.2 cm (range: 5-14 cm).
Perioperative outcomes
The average operation time was 184 min (range: 88-277 min) with an estimated blood loss of 401.7 ml (range: 10-900 ml) ( Table II ). All 6 patients' spleens were successfully preserved and no splenic infarction was noted from follow-up computed tomography. The urethral tube and gastric tube were withdrawn postoperatively. Out-of-bed was allowed at postoperative day 1. At postoperative day 1, patients had liquid diets, and they had semi-liquid diets on the following days. Once patients took their meals and fluid from the intraoperatively placed drain was less than 15 ml/day, the abdominal drainage tube was withdrawn. The mean postoperative hospital time was 7 days (range: 5-11 days) (Table II) . Based on the ISGPF definition, 2 patients had pancreatic fistulas, classified as grade B (33.3%). The other pancreatectomy-related complication was a pseudocyst (n = 2, 33.3%) that was managed with external drainage with resolution. No wound infections requiring antibiotics or wound reopening occurred. There was neither conversion nor mortality.
Discussion
The traditional surgical approach to the distal pancreas requires large abdominal incisions be- cause of the particularly deep position of this gland, and entails possible postoperative complications such as wound infections and incisional hernia, in addition to the obvious functional and cosmetic impairment. Furthermore, the most frequent histotypes of respectable distal pancreatic tumors are currently cystic and endocrine neoplasms, which are often benign and are usually diagnosed incidentally during ultrasound examinations carried out in young women. Therefore, the laparoscopic technique is becoming increasingly popular among surgeons performing distal pancreatectomies. The addition of a spleen-sparing technique also eliminates the theoretical risk of overwhelming post-splenectomy infection and postoperative subphrenic abscess [3] [4] [5] . The choice of which specific technique of splenic preservation to use appears to be important in selected patients. Two spleen-sparing distal pancreatectomy techniques have been described. One technique involves varying amounts of dissection of the spleen vein and splenic artery away from the pancreas and division of the small venous branches to the gland; this is known as splenic vessel preservation [7] . The other technique, initially described by Warshaw in 1998, involves careful preservation of the short gastric and splenocolic vessels with distal transaction of the splenic artery and vein before distal pancreatectomy [6] . The spleen maintains its blood supply on short gastric flow. With the Warshaw technique (WT), Adam et al. reported that 10.7% of patients developed symptomatic splenic infarcts, which required reoperation for splenectomy in around half of these patients (4.7%) [8] . In a retrospective analysis with long-term follow-up in 158 patients who had undergone open distal pancreatectomy using the WT, the rate of reoperation for splenectomy owing to splenic infarction was 1.9%. Among the 65 patients with postoperative imaging, 23% had splenic infarcts and 25% had perigastric varices [17] . The length of hospital stay was significantly shorter in patients who underwent WT, which could be partially explained by the lower occurrence of spleen-related complications associated with WT.
Other complications, especially pancreatic fistula, did not differ between the two techniques. Furthermore, patients with splenic infarcts sometimes required readmission and reoperation for splenectomy, which increased the overall length of hospital stay and affected the cost-effectiveness of the procedure. Regarding the adverse events related to WT, SPDP appears to be the preferable technique. Both techniques are comparable in terms of intraoperative and postoperative morbidity, but the SPDP provided the best chance of conserving the spleen. Adam et al. suggest that SPDP should be attempted when possible and switched to WT in cases of accidental bleeding or difficulties during dissection.
Some studies have proposed that a lateral approach is feasible for SPDP and suggested that it may allow the maximum amount of normal pancreatic tissue to be preserved without additional morbidity [13, 14] . However, some authors have suggested that two main preoperative factors can predict the best approach and possible success for splenic vessel preservation. One was the anatomy of the pancreatic tail, and the other was the presence of inflammation or vessel lamination. They did not agree that the lateral approach is always suitable for the splenic vein with a less extraparenchymal course in the tail or patients with intrapancreatic mucinous neoplasia (IPMN) or mucinous cyst [15] . In our study, we have presented our initial experience with SPDP-LA in 6 patients with acceptable outcomes. From the final pathology results, no IPMN or mucinous cyst is noted. Herein, we suggest that SPDP-LA should be performed in selected patients. Overall, we found that our patients tolerated SP-DP-LA well. The present study group compared favorably with other SPDP series in terms of blood loss, length of hospital stay, pancreatic leak rate, and overall complications (Table III) . The feasibility and safety of SPDP-LA were also demonstrated by the rate of conversion (0%) and the rate of reoperation (0%).
The most widespread technique is prograde pancreatectomy performed by transecting the pancreatic body first and then moving up towards the spleen [18] . Generally, a thin, loose connective tissue occurs between the pancreas and splenic vessels, and dissection along this level can minimize intraoperative bleeding. Our technique consists of a retrograde pancreatectomy with initial mobilization of the pancreatic tail from the splenic hilum and dissection of the distal margin of the gland to look for the splenic vein and artery. As soon as both vessels are identified, it is important to separate them from the parenchyma with an ultrasonic device or clips if needed, going to the proximal resection margin. This is the most risky step because of the relative fragility of the splenic vein branches. Our results in terms of conversion rates compared to laparotomy or to the Warshaw technique, which was nil compared with conversion rates ranging from 0 to 30.9% in other cases series [8, 12, [19] [20] [21] , led us to improve this approach in all patients to prevent intraoperative bleeding and to spare as much pancreatic parenchyma as possible. Other advantages of SPDP-LA include easy reproducibility and the fact that the pancreatic tail is free of the venous groove seen in most patients, which makes it possible to maximize the percentage of spleen vessel preserving procedures while lowering postoperative complications such as splenic infarction and abscess.
Yoon et al. [19] suggest two potential mechanisms which raise the occlusion rate of the splenic vein over that of the splenic artery. First, the splenic vein is so densely adherent to the pancreas that more manipulation is required during dissection of the splenic vein from the pancreas. Second, the splenic vein is susceptible to thrombosis and inflammation due to lack of muscle and elastic fibers, low blood pressure, and a lower speed of blood flow than the artery. Our data showed no vascular obliteration or splenic infarction after SPDP-LA, compatible with a previous report by Hwang et al. after SPDP [10] . Even in their cases with vascular obliteration, its related secondary changes (collaterals and varices) did not cause clinical problems during the follow-up period. Therefore, the high rate of vascular obliteration in conserved splenic vessels and secondary changes in the preserved spleen may not be general phenomena after SPDP and SPDP-LA. The potential advantage of maintaining perfusion to the spleen in SPDP should be balanced against the possibility of splenic vein occlusion and the potential risk of left-sided portal hypertension [22, 23] . Yoon et al. [19] reported that 9 out of 10 patients with complete splenic vein occlusion after SPDP developed a collateral circulation. However, none experienced gastrointestinal bleeding. In 1 patient in their study, minor collateral vessels associated with total occlusion of the splenic vein before the operation developed into gastric varices. Our patients showed good splenic perfusion from the pre-operative CT, and no patients developed collateral circulation or experienced gastrointestinal bleeding after SPDP-LA, Therefore, the preoperative patency of the splenic vessels should be evaluated carefully when selecting patients for SPDP-LA. If total occlusion of the splenic vessels is evident, an SPDP-LA may not be indicated, because total vascular occlusion may not recover even after resection and left-sided portal hypertension may ensue.
The most common and clinically relevant complication after distal pancreatectomy is a pancreatic fistula (PF), which is associated with complications such as a pancreatic fluid collection, intra-abdominal abscess, wound infection, and sepsis. Although at some high-volume centers, PF after laparoscopic distal pancreatectomy has declined over the past decade, the incidence of PF still rose from 5% to 30% [18, 24, 25] . In this study, a large variation in the PF rate was recorded, ranging from 16.3% to 47.6% in SPDP and 33.3% in SPDP-LA. The major reason for the variability may be the lack of uniform criteria for PF. The diagnostic criteria of PF are generally based on clinical signs and laboratory indicators, including the occurrence time, the daily amount of leakage, the duration, leakage amylase, etc. The ISGPF criterion [16] was most frequently used, but it failed to explain whether the amount of drainage was related to the diagnosis of PF.
The original disease, pancreatic transection, pancreas texture, blood supply, and stump closure are factors affecting the incidence of PF. Recently, a BMI > 25 kg/m 2 was also reported as contributing to the increased incidence of PF after distal pancreatectomy [26] . Several authors have proposed different techniques to reduce its incidence. These include various ways of transecting the pancreas (ultrasonic dissector, harmonic scalpel, bipolar cautery, etc.), fibrin glue sealing of the pancreatic stump, and octreotide administration. We often used the Endo-GIA staples to close the primary stump of the pancreas. If its texture was hard and thick, we preferred to suture the stump additionally. The total PF rate was 33.3%, and all PF were cured by external drainage. However, the 2 PF patients with a BMI of more than 25 kg/m 2 did not receive additional stump sutures. Herein, we suggest a combination of staples, sutures, and fibrin glue for stump management in patient with high PF factors. Further study of improvements in surgical techniques, including new materials or devices to reduce the PF, is required.
It is necessary to interpret the current results carefully, because this study has unavoidable critical limitations. It is basically a retrospective study with a small sample size, so a selection bias must be involved. In the future, perhaps, it will be possible to perform a randomized controlled study able to compare homogeneous populations undergoing SPDP and SPDP-LA.
According to the results from our patients and other previous studies, we consider the lateral approach a safe and feasible procedure, which in expert hands can be completed in a reasonable time and yield good results.
We suggest that SPDP-LA is an acceptable surgical option for most benign and indolent tumors in the body and tail of the pancreas.
